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Introduction

Extended pedigree studies have been shown to be the most powerful 
design for identifying quantitative trait loci for continuous traits. 
However, the genetic control of neuroanatomy has not been fully 
appraised using pedigree data. The goal of this study is to estimate 
heritability (h^2) �� the proportion of the variance of brain 
measurements that can be atributed to genetic factors �� of gray 
matter volumes, cortical surface area and cortical thickness of 
anatomically defined brain regions, and demonstrate how these 
traits are related to each other.
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Figure 2: Observed Heritabilities per Cortical Region
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Figure 1: Heritabilities Estimated Globally
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Method

T1-weighted images were acquired from 490 subjects belonging to 
randomly ascertained Mexican-American families (mean age: 47.3
±12.9y, range=26-85y; 61.7% females). For each subject, 7 
acquisitions were performed, with isotropic voxels, 0.8x0.8x0.8 mm, 
affine-registered using the FLIRT tool, part of the FSL package [1], 
and averaged. The details of the acquisition protocol can be found in 
[2]. Cortical reconstruction and parcellation were performed using 
the FreeSurfer software package [3,4]. The cortical regions of 
interest were defined using the Desikan-Killiany atlas.

Heritability estimates were calculated using a variance components 
method [5], as implemented in the freely available software package 
SOLAR [6]. Age and sex were included as covariates, both with and 
without the total brain volume as an additional covariate.

Results

Most neuroanatomic measurements were highly and significantly 
heritable. For the global brain volume, the heritability was 0.713, 
p=7.43e-16. The heritability of gray matter volume for the whole brain 
was estimated as 0.722, p=3.05e-14, the heritability for the global brain 
surface area was 0.697, p=1.82e-11 and the heritability for the average 
thickness across the whole cortex was computed as 0.693, p=1.641e-10 
(Figure 1).

As global brain volume is dependent upon genetic factors and since each 
of the regions individually contribute to the overall volume, it is expected 
that the global brain volume would be a significant covariate for these 
analyses. When it was included, brain volume was a significant covariate 
for gray matter volume (p=5.33e-119) and for surface area (p=4.64e-131), 
but it was not for average thickness (p=0.861). Indeed, global brain 
volume was not a significant covariate for cortical thickness not even 
regionally for most regions, suggesting that this trait may be under 
control of different genetic factors.

We found that these measurements are widely heritable across the 
cortex, at variable extents. These results are presented in Figure 2. 
Cortical surface area and thickness follow remarkably different patterns 
of heritability, suggesting that the development of these traits may be 
independent one of the other.

The gray matter volume can be determined by the product of surface area 
and average thickness. We found that gray matter volume correlates 
relatively well with the surface area, while, the correlation with cortical 
thickness poorer. On the other hand, the phenotypic correlation between 
area and thickness is virtually zero. These correlations are presented in 
Figure 3, which takes into account the whole cortex. The same trend is 
observed for all the regional correlations (Table 1).

Figure 3: Phenotypic Correlations

The fact that area and thickness are both highly and significantly 
heritable, but independent one of the other, and that both influence the 
gray matter volume, suggest that gray matter volume might not be the 
most appropriate trait to be genetically studied. This includes other 
computational variants for its measurement, most notably, voxel-based 
morphometry.

Conclusion

We confirmed that neuroanatomy is highly heritable, prompting for 
the search for genes that may influence specific traits.

We found that cortical surface area and average thickness are both 
highly heritable traits, although phenotypically independent. We 
suggest that these two measurements should be preferred for 
genetic studies instead of gray matter volume measurements.
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Table 1: Summary of Regional Correlations Between Traits (R^2)

Avg: 0.011
SD: 0.016

Avg: 0.795
SD: 0.084

Avg: 0.152
SD: 0.085

Min: 0.462
Max: 0.916

Min: 0.040
Max: 0.417

Min: 0.000
Max: 0.107
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